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Objective 

The objective of this p r o g r a m  is the development and evaluation of a 

l a s e r  density probe  as  a diagnostic tool for  measur ing  gas number density in  

s imulated,  short-durat ion,  base  region flows of a sca le  model c lus te red  

rocke t  configuration. 

Technical Discussion 

1 .  Genera l  

Pr inc ip les  of oper&tiGri of the laser beam g a s  density irieasilring 

technique as well a s  the general  configuration of the instrumentat ion to be 

implemented in the application of this method were  d iscussed  in  the initial 

qua r t e r ly  repor t .  

mentation design and configuration have been resolved and the p r o g r a m  design 

effort  has virtually been completed. The design effort ,  in  fact ,  has r e p r e -  

sented the dominant project  activity during this  qua r t e r  resul t ing in the p r e -  

parat ion of over  twenty-five ma jo r  drawings.  

r e l eased  to NASA/MSFC for  fabrication and present  information indicates 

that the fabricated components may be expected at CAL during the l a t t e r  p a r t  

of January  o r  the e a r l y  p a r t  of February .  Certain c r i t i ca l  components that 

will be requi red  to  facil i tate pre l iminary  check tests of the laser apparatus  

well  in  advance of the actual t e s t  p rog ram wi l l  be fabr icated at GAL t o  reduce 

the otherwise long lead t ime  i n  fabrication. 

During the in te r im repor t  period the details  of the in s t ru -  

These  drawings have been 

These components a r e  all those 
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* 
shown a s  external  to the vacuum chamber 

of the l a s e r  source  installation. 

in Fig.  1 which is a schematic  

Contract modifications requi red  to pe rmi t  NASA/MSFC to 

supply cer ta in  l a s e r j r a d i o m e t e r  equipment to CAL a s  G F E  were  completed. 

This equipment, including the l a se r  source ,  l a s e r  power supply, photo- 

mul t ip l ie rs ,  and interference f i l ters  has  been received a t  CAL. 

Receipt of special  (EM1 type 9558C) high gain, low da rk  

cu r ren t  photomultipliers' '  ) has  not yet been accomplished. 

delay,  the rad iometer  design has  been f i rmed  to  accept  the DuMont 6911 

photomultiplier which was used on an e a r l i e r  CAL program(2) .  Radiometer  

mechanical  design is such that the EM1 tube can be accommodated for  some 

future  p rogram i f  subsequent evaluation t e s t s  demonstrate  a marked  super ior i ty  

over  the 6911. 

Because of this 

2. Model Instrumentation 

The semic i r cu la r  base plate of the model includes a window 

extending the length of the 6-inch radius  of the base t o  allow probing in the 

l a t e r a l  dimension. A second window, located in the reflection plane, pe rmi t s  

probing the flow field a t  positions up to 14 inches in the axial  dimension a s  

measu red  f rom the base plate. 

field plane in which density measurements  may be made with this par t icu lar  

ge ome t r y  . 

Figure 2 i l lus t ra tes  schematical ly  the flow 

Plume calculations indicate that impingement occurs  a t  about 

the 5-inch position (measured f rom the base along the reflection plane) for 

the design value of the nozzle p re s su re  rat io  and a t  about 9 inches for  about 

one-tenth the design ratio.  Thus, the probing capability available will 

facil i tate the examination of the impingementjbase flow details  for  a wide 

range of model operating conditions. 

A t r a y  incorporating four p r e s s u r e  t ransducers  has  been 

designed to fi t  in e i ther  the base plate o r  the reflection plane window slots  

to allow sur face  p r e s s u r e  measurements  to be made simultaneously with 

.L e,. 

Except for  the compensating radiometer .  
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l a s e r  density measurements .  

supporting instrumentation will include: 

In addition to  these four t r ansduce r s ,  

a.  expansion tube s ta t ic  p r e s s u r e ( t 0  be used in  

determining the strength of the nonsteady 

expansion associated with initiation of flow 

and hence the post-wave total t empera tu re  

requi red  f o r  calculating p r i m a r y  r e s e r v o i r  

density).  

b. p r i m a r y  r e se rvo i r  p r e s s u r e  (to be used  to  

compute r e s e r v o i r  density using ideal  gas 

theory) .  

C .  p r i m a r y  nozzle and calibration nozzle exit 

plane p r e s s u r e  (for monitoring nozzle p e r -  

formance  and total t e s t  t ime) .  

Sys tem operating parameters, such  a s  expansion tube loading p r e s s u r e ,  

t empera ture ,  and altitude chamber p r e s s u r e  and temperature , .  will be 

measu red  with conventional type instrumentation. 

3 .  Cleanliness Precautions 

The cruc ia l  aspect of the en t i re  experimental  p rog ram will 

be the cleanliness of the flow, that i s ,  the degree  to which the flow i s  f r e e  

f r o m  particulate and aerosol  type contaminants. 

m e a s u r e s  will be instituted to  minimize the contamination of the flow. 

F i r s t ,  the p r e s s u r e  diaphragms that a r e  normally installed i n  the expansion 

tube and the nozzles (and then ruptured t o  init iate the t e s t  event) have been 

eliminated. 

debris  problems with diaphragm par t ic les .  Second, two high-retention 

Millipore 

these units will be installed in the expansion tube loading l ine.  F o r  sphe r i -  

cally-shaped par t ic les ,  the absolute retention capability of this f i l ter  is fo r  

par t ic les  of 0. 22-micron diameter  and l a r g e r .  

Several  precaut ionary 

A rapid acting autovalve will be used instead to preclude possible 

.?. -a- 

line f i l t e rs  for  use with gases  have been purchased.  One of 

The other f i l ter  is a high 

rlr 

Trade  name.  
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flow ra t e  car t r idge  style unit and will be employed to p rocess  the a i r  r e -  

admit ted into the altitude chamber between t e s t  f i r ings.  Retention capa-  

bil i ty of this f i l t e r  i s  for  par t ic les  with a d iameter  of one mic ron  and l a r g e r .  

Flowrate  specifications f o r  both f i l ters  a r e  such that  leading t imes  f n r  both 

v e s s e l s  (the expansion tube and the altitude chamber)  will be acceptably 

smal l .  

t o  initiating the t e s t  p r o g r a m  to purge the sys tem.  

A number of load-unload cycles will probably be necessa ry  p r i o r  

The altitude chamber ,  fabr icated f r o m  cold-rolled s tee l ,  will * 
be sandblasted internal ly  and immediately painted with a flat black paint 

special ly  developed fo r  u s e  in vacuum vesse l s .  

4. Calibration of Laser Densitv P robe  

Two different approaches to calibrating the l a s e r  density 

apparatus  will be employed. 

the altitude chamber  p r e s s u r e  is var ied  over  the des i r ed  range and radio-  

m e t e r  e lec t r ica l  output is  defined in  terms of gas number density computed 

f r o m  measured  gas p r e s s u r e  and tempera ture .  Severa l  potential  problems 

a r e  assoc ia ted  with this method: (a) because of the l a rge  s i ze  of the chamber  

(13 f t .  d iameter )  and the fact  that personnel  will need to en ter  it to make  

model configuration changes and adjustments ,  the ability to  keep the chamber  

adequately f r ee  of contaminants is  not known, and (b)  the calibration data 

and the t e s t  data on the model will have been taken with gases  that could be 

of different purity.  

One method involves a s ta t ic  type t e s t  wherein 

An al ternat ive method of calibration employing a special  

nozzle for  this purpose i s  being included a s  p a r t  of the instrumentat ion 

sys tem.  NASA/MSFC has  been requested for  a method-of-character is t ics  

design of a sma l l ,  low a r e a  rat io  ( 6 20 on the bas i s  of flow condensation 

considerat ions)  nozzle for  this purpose.  

received in ea r ly  January.  

Design details  a r e  expected to be 

* 
P r o c e s s  Equipment C o . ,  h c . ,  Brockton, Massachuset ts .  
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This nozzle will be attached to the p r i m a r y  nozzle r e s e r v o i r  

and will u se  approximately one-tenth of the p r i m a r y  gas flow. F igure  3 i s  

a schemat ic  showing the installation of the cal ibrat ion nozzle. The l a s e r  

S e a m  t r ans i t s  the nczzle exit plane and the sca t t e red  energy,  whose magni- 

tude i s  proportional to the density, is sensed by a rad iometer  (not shown). 

Other rad iometers  may then be calibrated relative to this unit a s  the stand- 

a r d .  Density levels  a t  the nozzle exit  plane a r e  accurately known as  a 

function of r e s e r v o i r  density. 

fac t  that the calibration is  per formed using the s a m e  (or  the same  quality 

gas)  a s  that used fo r  model t e s t s .  

The a t t rac t iveness  of this method l ies  in the 

Both methods of calibration will be used initially. Jf the data 

co r re l a t e  sat isfactor i ly ,  use  of the nozzle method will probably be discon- 

tinued since the altitude chamber  method affords a l a r g e r  range of densit ies 

and ease  of operation. Should the resu l t s  d i sagree ,  the nozzle technique, 

which u s e s  the model  working gas as the test medium, will be used a s  the 

cal ibrat ion standard.  

Fu tu re  P lans  

During the next qua r t e r ,  al l  fabr icat ion effort  will be concluded and 

assembly  of the component pa r t s  completed. 

sou rce  will be made and the altitude chamber  conditioned for  testing. 

Installation of the apparatus  in the altitude chamber  will begin. 

Check t e s t s  of the i a s e r  
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Figure I LASER SOURCE INSTALLATION 
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